We describe the impact of dihydroneopterin on the formation of superoxide radicals. As radical source ferrous iron in air-saturated aequeous solution was used. Detection of superoxide was achieved using reduction oj nitroblue tetrazolium to formazan. Dihydroneopterin decreases formazan formation when high concentrations oj ferrous iron are used which induce a rapid superoxide formation within minutes. On the other hand, when 10\\ concentrations of ferrous iron are used, addition of dihydroneopterin to the assay mixture leads to an increase ir. formazan formation for several hours of incubation. We therefore conclude that the radical promoting activity 0:' dihydroneopterin is physiologically more relevant compared to its radical scavenging properties.
Introduction
Pterins have been reported to interact with different radical-mediated reactions in chemical, biochemical and biological systems (1-16). Aromatic pterins were discussed to have radical promoting activity, or radical scavenging activity, or not to interfere with free radicals. On the other hand, reduced pterins were shown to be radical scavengers by different authors. However, high concentrations of dihydroneopterin showed radical promoting activity (8, 10) . Recently we found that in solutions of dihydroneopterin and other dihydropterins hydroxyl radicals are formed (15, 16) . We showed that molecular oxygen which is reduced via superoxide, is the source of hydroxyl radicals, and iron ions play an important catalytical role in that system. While dihydroneopterin is responsible for the amount of hydroxyl radicals generated, iron ions determine the kinetics of the reaction. Until now only tetrahYdropterins have been shown to form complexes with iron ions (17-19) but dihydroneopterin was found to reduce iron from the ferric to the ferrous form (20) . With this background a connection of the iron reducing ability of dihydroneopterin and its radical promoting effect is obvious. Nevertheless, dihydroneopterin can be shO\\!n to have both, a radical promoting and radica l scavenging effect in the presence of iron ions depending on the experimental conditions as we sho \~ in this study. Formazan formation is followed photometrically at 560 run. Two different sets of conditions were used: low iron concentrations (10 /lM) in the presence of EDT A in PBS or high iron concentrations (100 /lM) in MOPS buffer, both at pH 7.4. In the case of PBS 0.035 % (w/v) Triton X-I00 was added to the buffer. Formazan formation was followed up to 10 min in the case of high and up to 4 hours in the case of low iron concentration. Stock solutions ofNBT and dihydroneopterin were prepared in the buffer used immediately before the assay. Solutions of ferrous sulfate were prepared in water deionized by a Milli-Q 185 apparatus (Millipore, Vienna, Austria).
Material and Methods

Reagents
Results and discussion
When low iron concentrations in PBS were used the conditions are similar to those applied earlier for measuring hydroxyl radical formation (15) . Under these conditions iron autoxidation is favoured by the presence of both, EDTA and phosphate (24, 25) . The formation of superoxide under these conditions up to 4 hours is shown in Fig. 1 In the case of dihydroneopterin without addition of iron ions formazan formation is continued throughout the assay and is higher compared to iron alone. When both, dihydroneopterin and chelated iron ions are present in the assay, superoxide is formed at the highest rate in a linear manner until the end of the incubation. Addition of 200 Ulml of catalase to the assay mixture shows almost no effect, while SOD (200 U/ml) decreases formazan formation to 17 ± 6 % (only dihydroneopterin) and 7
± 4 % (dihydroneopterin + iron), respectively. If instead of ferrous iron ferric iron is used, the results are essentially the same. We suppose that traces of iron ions in the buffer are responsible for superoxide formation which ceases after completed autoxidation of ferrous iron. Dihydroneopterin on the other hand is regenerating ferrous iron again and so prolonging superoxide formation. In this case both, reduction and autoxidation of iron have to take place simultanously in the presence of dihydroneopterin. When high concentrations of ferrous iron are utilized for superoxide formation autoxidation happens to fast for normal kinetic measurements in phosphate buffer. Therefore MOPS buffer was used in the absence of EDT A for the superoxide assays. Under these conditions dihydroneopterin has a different effect compared to the first set of experiments (Fig. 2) . In the absence of dihydroneopterin superoxide is formed very rapidly after a short lag time. This lag time is necessary for the formation of the optimal ratio of ferrous to ferric iron as shown for the initiation of lipid peroxidation by iron ions (26, 27) and is suppressed by addition of ferric iron to the assay mixture (data not shown). Addition of dihydroneo-pterin results in a prolonged lag time, a slower formazan formation and a reduced maximum formazan formation. A similar effect was found when the iron concentration was decreased (data not The property of dihydroneopterin as a reducing agent results in an increased superoxide formation when iron is present at low concentrations; recycling ferric iron to the ferrous form. On the other hand, under conditions of high reaction rates of iron autoxidation superoxide fomIation is decreased. As normally iron ions are not present in blood under physiological conditions, the results obtained from the incubations with high iron concentrations are physiologically of minor relevance. However, low concentrations of iron may be liberated under conditions leading to activation of macrophages and secretion of dihydroneopterin (28) . Moreover, other reducing agents have been shown to liberate iron ions from its protein bound form (29) . If that is true for dihydroneopterin, too, it may support itself with iron ions and generate conditions leading to the formation of superoxide and hydroxyl radicals, as described earlier (15 , 16) . From our data we conclude that one has to be aware that the experimental conditions chosen for testing a compound upon its radical promoting or scavenging properties are rather critical. Dihydroneopterin which was shown to act as radical scavenger as well as radical promoting agent may indeed serve as both even in similar incubation systems measuring solely formation of superoxide radicals. As free iron ions are physiologically not available and under pathological PteridinesNol. IIINo. 2 conditions only at low concentrations we conclude that dihydroneopterin under such conditions rna:. primarily act as a prooxidant. For a detailed view. however, interactions with reactive nitrogen species ha.Ye to be considered too and are under work at the moment.
